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ELECTRON BEAM EXPOSURE APPARATUS , ELECTRON BEAM EXPOSURE APPARATUS 
CALIBRATION METHOD, AND SEMICONDUCTOR ELEMENT MANUFACTURING 

METHOD 

BACKGROUND OF THE INVENTION 

[0001] This patent application claims priority on a Japanese 

patent application No. 2002-284255 filed on September 27 , 2002, 
the contents of which are incorporated herein by reference. 

Field of the Invention 

[0002] The present invention relates to an electron beam 

exposure apparatus, an electron beam exposure apparatus 
calibration method, and a semiconductor element manufacturing 
method. More particularly, the present invention relates to an 
electronbeamexposure apparatus for controlling deflection timing 
of an electron beam with high precision. 

Description of Related Art 

[0003] In an electron beam exposure apparatus for exposing 

a wafer by an electron beam, it is necessary to control deflection 
timing of the electron beam with high precision . For that purpose, 
it is necessary for the control section, which controls the 
deflecting section, to calibrate timing of control signal for 
controlling a deflecting section with high precision. When the 
control section calibrates the timing of the control signal and 
while the deflecting section is connected to the control section, 
it is difficult to detect the timing of the control signal correctly 
because a reflected signal reflected from the deflecting section 
is mixed with the control signal which is to be calibrated. 
Therefore conventionally, when the control section for controlling 
the electron beam deflecting section calibrates the timing of the 
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control signal, the control section and the deflecting section 
are disconnected with each other to reduce the influence of the 
reflection or the like. 

[0004] However, since impedance of the circuit driven by the 

control signal, when the deflecting section and the control section 
are disconnected, is different from impedance when it is connected 
with the deflecting section, rise time and fall time of the control 
signal is different from that of the actual exposure, and it has 
been impossible to calibrate the timing of the control signal with 
high precision, including rise time and fall time which affect 
the exposure processing. 



SUMMARY OF THE INVENTION 



[0005] Therefore, it is an object of the present invention 

to provide an electron beam exposure apparatus, an electron beam 
exposure apparatus calibrationmethod, and a semiconductor element 
manufacturing method which can solve the foregoing problem. The 
above and other objects can be achieved by combinations described 
in the independent claims. The dependent claims define further 
advantageous and exemplary combinations of the present invention. 
[0006] According to the first aspect of the present invention, 

there is provided an electron beam exposure apparatus for exposing 
a wafer by an electron beam. The electron beam exposure apparatus 
includes: a deflecting section including a deflecting electrode 
for deflecting the electron beam; a control section for outputting 
a control signal for controlling the deflecting section; a load 
circuit having substantially the same impedance as that of the 
deflecting section; and a switching section for switching a 
destination of the control signal between the deflecting section 
and the load circuit. A wire length between the control section 
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and the load circuit is shorter than a wire length between the 
control section and the deflecting electrode. 

[0007] The control section may synchronize timing at which 

the control section activates the control signal with timing at 
which the deflecting section is to deflect the electron beam, the 
control signal being supplied to the load circuit by the switching 
section . 

[0008] The control section may adjust timing of exposing the 

wafer by the electron beam by synchronizing the timing of activating 
the control signal with the timing at which the deflecting section 
is to deflect the electron beam. 

[0009] The control section may adjust timing of blocking the 

electron beam being irradiated on the wafer by synchronizing the 
timing of activating the control signal with the timing at which 
the deflecting section is to deflect the electron beam. 
[0010] The control section may adjust the timing of 

irradiating the electron beam on the wafer by synchronizing timing 
of deactivating the control signal with timing at which the 
deflecting section is to stop the deflection of the electron beam. 
[0011] The electron beam exposure apparatus may further 

include a temperature detector for detecting temperature of the 
control section . The control sectionmay supply the control signal 
to the load circuit and synchronize the timing of activating the 
control signal with the timing at which the deflecting section 
is to deflect the electron beam when a temperature change detected 
by the temperature detector is more than a predetermined value. 
[0012] The control section may supply the 'control signal to 

the load circuit and synchronize the timing of activating the 
control signal with the timing at which the deflecting section 
is to deflect the electron beam in a predetermined time interval. 
[0013] The control section may supply the control signal to 
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the load circuit and synchronize the timing of activating the 
control signal with the timing at which the deflecting section 
is to deflect the electron beam during startup of the electron 
beam exposure apparatus. 

[0014] The control section may include: a driver for 

activating the control signal; and a comparing section connecting 
with the driver for comparing electric potential of the control 
signal activated by the driver with predetermined reference 
electric potential . 

[0015] According to the second aspect of thepresent invention, 

there is provided a calibration method for calibrating an electron 
beam exposure apparatus including a deflecting section having a 
deflecting electrode for deflecting an electron beam, and exposing 
a wafer by the electron beam. The method including steps of: 
supplying a control signal for controlling the deflecting section 
to a load circuit; and synchronizing timing of activating the 
control signal with timing at which the deflecting section is to 
deflect the electron beam. The load circuit has substantially 
the same impedance as that of the deflecting section, and a wire 
length between the control section, which controls the deflecting 
section, and the load circuit , is shorter than a wire length between 
the control section and the deflecting electrode. 
[0016] The calibration method may further include a step of 

adjusting impedance of the load circuit with that of the deflecting 
section when at least one of the parts of the deflecting section 
is replaced. 

[0017 ] According to the third aspect of the present invention, 

there is provided a semiconductor element manufacturing method 
for exposing a pattern on a wafer by an electron beam, and 
manufacturing a semiconductor element using an electron beam 
exposure apparatus including a deflecting section having a 
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deflecting electrode for deflecting the electron beam. The 
semiconductor element manufacturing method includes steps of: 
supplying a control signal for controlling the deflecting section 
to a load circuit; synchronizing timing of activating the control 
signal with timing at which the deflecting section is to deflect 
the electron beam by adjusting the timing of activating the control 
signal; and supplying the control signal, of which the timing of 
activation is adjusted, to the deflecting section and exposing 
the wafer. The load circuit has substantially the same impedance 
as that of the deflecting section, and a wire length between the 
control section, which controls the deflecting section, and the 
load circuit is shorter than a wire length between the control 
section and the deflecting electrode, and the deflecting section 
switches whether the electron beam is to be deflected or not 
according to the control signal in the wafer exposing step. 
[0018] The summary of the invention does not necessarily 

describe all necessary features of the present invention. The 
present invention may also be a sub-combination of the features 
described above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] Fig. 1 is a schematic view showing a configuration 

of an electron beam exposure apparatus according to an embodiment 
of the present invention. 

[0020] Fig. 2 is a circuit diagram of a blanking-electrode 

array control section and a blanking-electrode array. 
[0021] Fig. 3 is a drawing showing relation between a set/reset 

signal and a control signal. 

[0022] Fig. 4 is a flow chart showing an operation of a 

deflection timing control section calibrating timing of the control 
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signal . 

[0023] Fig. 5 is a flow chart showing an operation of the 

deflection timing control section calibrating the timing of the 
control signal. 

[ 0024 ] Fig . 6 is a flow chart of a semiconductor manufacturing 

process for manufacturing a semiconductor element from a wafer. 

DETAILED DESCRIPTION OF THE INVENTION 

[0025] The invention will now be described based on the 

preferred embodiments, which do not intend to limit the scope of 
the present invention, but exemplify the invention. All of the 
features and the combinations thereof described in the embodiment 
are not necessarily essential to the invention. 
[0026] Fig. 1 is a schematic view showing a configuration 

of an electron beam exposure apparatus 100 according to an 
embodiment of the present invention. The electron beam exposure 
apparatus 100 includes an exposure section 150 for performing a 
predetermined exposure processing on a wafer 44 by an electron 
beam, and a control system 140 for controlling an operation of 
each component of the exposure section 150. 

[0027] The exposure section 150 includes an electron optics 

system, which includes: electron beam shaping means 110 for 
generating a plurality of electron beams in a chamber 8 and shaping 
cross-sectional shapes of the electron beams into desired shapes; 
irradiation status switching means 112 for switching whether the 
plurality of electron beams are to be exposed on the wafer 44, 
respectively; and a wafer projection system 114 for adjusting 
direction and size of an image of a pattern which is to be exposed 
on the wafer 44. Moreover, the exposure section 150 includes a 
stage system, which includes: a wafer stage 46 on which the wafer 
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44 is placed, where the patterns are to be exposed on the wafer 
44; and a wafer stage drive section 48 for driving the wafer stage 
46. 

[0028] The electron beam shaping means 110 includes: an 

electron beam generating section 10 for generating the plurality 
of electron beams; a first electron beam shaping section 14 and 
a second electron beam shaping section 22 including a plurality 
of apertures for shaping the cross-sectional shapes of the 
discharged electron beams by allowing the electron beams to pass 
through the apertures; a first multi-axis electron lens 16 for 
focusing the plurality of electron beams independently and 
adjusting the focal points of the plurality of electron beams; 
and a first shaping projection and deflection section 18 and a 
second shaping projection and deflection section 20 for 
independently deflecting the plurality of electron beams which 
have passed through the first electron beam shaping section 14. 
The second electron beam shaping section 22 includes a substrate, 
a plurality of shaping apertures provided in the substrate, and 
a substrate heating section for heating the substrate. 
[0029] The irradiation status switching means 112 includes 

a second multi-axis electron lens 24 for focusing the plurality 
of electron beams independently and adjusting the focal points 
of the plurality of electron beams, a blanking-electrode array 
26, which is an example of the deflecting section of the present 
invention, for independently switching whether or not each of the 
electron beams is to be irradiated on the wafer 44 by deflecting 
each of the plurality of electron beams independently, and an 
electron beam blocking member 28, which includes a plurality of 
apertures through which the electron beams pass, for blocking the 
electron beam deflected by the blanking-electrode array 26. In 
another example, the blanking-electrode array 26 is a blanking 
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aperture array device. 

[0030] The wafer projection system 114 includes a third 

multi-axis electron lens 34 for focusing the plurality of electron 
beams independently and decreasing irradiated cross-sectional 
area of the electron beams, a fourth multi-axis electron lens 36 
for focusing each of the plurality of electron beams independently 
and adjusting a focal point of each of the electron beams, a 
projection and deflection section 38 for independently deflecting 
each of the plurality of electron beams into a desired location 
on the wafer 44, and a fifth multi-axis electron lens 52, which 
functions as an object lens for the wafer 44, for focusing each 
of the plurality of electron beams independently. 
[0031] The control system 140 includes an individual control 

section 120 and an integrated control section 130 . The individual 
control section 120 includes an electron beam control section 80, 
a multi-axis electron lens control section 82, a shaping and 
deflection control section 84, a blanking-electrode array control 
section 86, a projection and deflection control section 92, and 
a wafer stage control section 96. For example, the integrated 
control section 130 is a workstation for controlling each of the 
control sections of the individual control section 120. 
[0032] The electron beam control section 80 controls the 

electron beam generating section 10 . The multi-axis electron lens 
control section 82 controls electric current supplied to the first 
multi-axis electron lens 16, the second multi-axis electron lens 
24, the third multi-axis electron lens 34, the fourth multi-axis 
electron lens 36, and the fifth multi-axis electron lens 52. The 
shaping and deflection control section 84 controls the first 
shaping deflector 18 and the second shaping deflector 20. The 
blanking-electrode array control section 86 outputs the control 
signal for controlling the blanking-electrode array 26. The 



projection and deflection control section 82 controls voltag 
applied to the deflection electrodes of a plurality of deflectors 
of the promotion and deflection section 38. The wafer stage 
ntrol section 9e controls the wafer stage driver ,3 so that h 

[00331 operation of the electron beam exposure apparatus 100 

ecor ing to the present embodiment will be explained hereof t.r. 
First the electron beam generating section 10 generates the 
First, cno electron beam shaping 

plurality of electron beams. The first 

Lotion 14 shapes the plurality of electron beams, wnicn are 
generatedby the electronbeamgenerating section 10 and irradiated 
on firl electron beam shaping section 1,, by allowing them 

pass through a plurality of apertures of the first e eo ro 
b eam shaping section 14. In another example . plur y o 
electron beams are generated by further including means for 
ridinganelectronbeamgeneratedbytheelectronbeamgenerating 

section 10 into a plurality of electron beams. 

003 , *>• - iti - axis eiectron lens 16 independe ; 

1 e ts each of the plurality of electron beams, which is shaped 
into rectangular shape, and independently adjusts focal point of 
en of the electron beams to the second electron beam shaping 
22 The first shaping deflector IS independently deflects 
plurality of electron beams, which are shaped into rectangu 
shapes by the first electron beam shaping section 14, so that the 
Plurality of electron beams are irradiated on desired positions 
„„ the second electron beam shaping section 22. 

„ The second shaping deflector 20 deflects the plurality 

el ctron beams deflected by the first shaping deflector 18 m 
substantially perpendicular direction to the - — 
s h a P ing section 22 and allows them to > - 
electron beam shaping section 22 . Then, tne 
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shaping section 22, which includes a plurality of apertures having 
rectangular shapes, further shapes the plurality of electron beams, 
which have rectangular cross-sectional shapes and are irradiated 
on the second electron beam shaping section 22, into the electron 
beams having desired cross-sectional shapes so that the electron 
beams are irradiated on the wafer 44. At this time, in the second 
electron beam shaping section 22, the substrate heating section 
heats the substrate, in which shaping apertures are provided 
according to the cross-sectional shapes of the electron beams which 
are to be irradiated on the wafer 44, and maintains the shape of 
'the substrate. 

[0036] The second multi-axis electron lens 24 independently 

collects the plurality of electron beams , and independently adjusts 
the focal point of each of the electron beams to the 
blanking-electrode array 26. Then, the plurality of electron 
beams, of which the focal points are adjusted by the second 
multi-axis electron lens 24 , pass through a plurality of apertures 
of the blanking-electrode array 26, respectively. 
[0037] The blanking-electrode array control section 86 

outputs the control signal for controlling the deflecting 
electrodes provided in the vicinity of each of the apertures of 
the blanking-electrode array 26. The blanking-electrode array 
26 switches whether or not each of the electron beams are to be 
irradiated on the wafer 44 based on the control signal input from 
the blanking-electrode array control section 86. 
[0038] The electron beam which is deflected by the 

blanking-electrode array 26 is blocked by the electron beam 
blocking member 28. The electron beam which is not deflected by 
the blanking-electrode array 2 6 passes through the third multi-axis 
electron lens 34. Then, the third multi-axis electron lens 34 
reduces the diameter of the electron beam which passes through 
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the third multi-axis electron lens 34 . The reduced electron beam 
passes through an aperture of the electron beam blocking member 
28. Moreover, the electron beam which has passed through the 
electron beam blocking member 28 enters the fourth multi-axis 
electron lens 36. Then, the fourth multi-axis electron lens 36 
independently collects each of the entered electron beams, and 
respectively adjusts the focal point of each of the electron beams 
to the projection and deflection section 38. The electron beam, 
of which the focal point is adjusted by the fourth multi-axis 
electron lens 36, enters the projection and deflection section 
38. 

[0039] The projection and deflection control section 92 

controls a plurality of deflectors of the projection and deflection 
section 38, and independently deflects each of the electron beams, 
which enters the projection and deflection section 38, into the 
position where it is to be irradiated on the wafer 44. The fifth 
multi-axis electron lens 52 adjusts the focal point of each of 
the electron beams to the wafer 44 which passes through the fifth 
multi-axis electron lens 52. Then, each of the electron beams, 
having the cross-sectional shape which is to be irradiated on the 
wafer 44, is irradiated on a desired position of the wafer 44, 
where it is to be irradiated. 

[0040] During the exposure processing, it is preferable that 

the wafer stage drive section 48 continuously moves the wafer stage 
46 to a predetermined direction based on an instruction from the 
wafer stage control section 96. Then, according to the movement 
of the wafer 44, the electron beam shaping means 110 shapes the 
cross-sectional shape of the electron beam into the shape which 
is to be irradiated on the wafer 44, and the blanking-electrode 
array control section 86 switches whether to irradiate the electron 
beam on the wafer 44 or not with high precision. Then, a desired 
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circuit pattern is exposed on the wafer 44 by the projection and 
deflection section 38 deflecting each of the electron beams onto 
the position of the wafer 44 at which the electron beam is to be 
irradiated. 

[0041] According to the electron beam exposure apparatus 100 

of the present embodiment, since the timing of the control signal 
for controlling the blanking-electrode array 26 is calibrated with 
high precision by the blanking-electrode array control section 
86, and since the calibrated blanking-electrode array control 
section 86 controls the blanking-electrode array 26 to switch 
whether to irradiate the electron beam on the wafer 44 according 
to the highly precise timing, a highly accurate pattern is exposed 
on the wafer 44 . 

[0042] In another example, the deflecting section of the 

present invention is any of the first shaping deflecting section 
18, the second shaping deflecting section 20, and the projection 
and deflection section 38 in the present embodiment. In case that 
the deflecting section of the present invention is the first shaping 
deflecting section 18 and/or the second shaping deflecting section 
20, the control section of the present invention will be the shaping 
and deflection control section 84. Moreover, in case that the 
deflecting section of the present invention is the projection and 
deflection section 38 , the control section of the present invention 
will be the projection deflection control section 92. 
[0043] Fig. 2 is a circuit diagram of the blanking-electrode 

array control section 86 and the blanking-electrode array 26 of 
the electron beam exposure apparatus 100 . The blanking-electrode 
array control section 86 includes: a deflection timing control 
section 300 for outputting the control signal for controlling the 
blanking-electrode array 26; a load circuit 226, of which the 
impedance is the same as that of the blanking-electrode array 26, 
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where the wire length between the deflection timing control section 
300 and the load circuit 226 is shorter than the wire length between 
the deflection timing control section 300 and the deflecting 
electrode 218 of the blanking-electrode array 26; and a switching 
section 230, connecting with the deflection timing control section 
300, the blanking-electrode array 26, and the load circuit 226, 
for switching the destination of the control signal output from 
the deflection timing control section 300 between the 
blanking-electrode array 26 and the load circuit 226. 
Alternatively, the blanking-electrode array control section 86 
further includes a temperature detector 228, which connects with 
the deflection timing control section 300, for detecting 
temperature of the deflection timing control section 300. The 
deflection timing control section 300 is an example of the control 
section of the present invention. 

[0044] The blanking-electrode array 26 includes: a 

deflecting electrode 218 for deflecting the electron beam; a 
connector 210 for connecting the blanking-electrode array 26 with 
the blanking-electrode array control section 86; a cabling 212 
connecting with the connector 210; a connector 214 connecting with 
the cabling 212; a substrate wiring 215 connecting with the 
connector 214; a pogo contact 216 connecting with the substrate 
wiring 215; and a device internal wiring 217 for connecting the 
pogo contact 216 and the deflecting electrode 218. 
[0045] The deflection timing control section 300 includes: 

a driver 206 connecting with the switching section 230 for 
outputting a control signal; a waveform generating section 202 
for outputting a set signal to raise the electric potential of 
the output of the driver 206 and a reset signal to lower the electric 
potential of the output of the driver 206; a set/reset latch 204 
provided between the waveform generating section 202 and the driver 
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206 for causing the output of the driver 206 to rise or fall according 
to the set signal or the reset signal output from the waveform 
generating section 202 ; a comparator 222 connecting with the driver 
206 and the waveform generating section 202 for outputting a 
comparison result between the electric potential of the control 
signal activated by the driver 206 and reference potential; and 
a comparator circuit 220 connecting with the comparator 222 and 
the waveform generating section 202 for comparing the signal from 
the comparator 222 with a predetermined signal. The comparator 
222 is an example of the comparing section of the present invention . 
[0046] The switching section 230 includes a switch 208 

provided between the deflection timing control section 300 and 
the blanking-electrode array 26, and a switch 224 provided between 
the deflection timing control section 300 and the load circuit 
226. The switching section 230 connects the deflection timing 
control section 300 to either the blanking-electrode array 26 or 
the load circuit 226 using the switch 208 and the switch 224. 
[0047] Since a wire length between the deflection timing 

control section 300 and the load circuit 226 is shorter than a 
wire length between the deflection timing control section 300 and 
the blanking-electrode array 26, disturbance of the signal 
reflected from the load circuit 226 attenuates more than 
disturbance of the signal reflected from the blanking-electrode 
array 26. Moreover, since one end of the load circuit 226 is 
terminated, reflection of the input signal at the load circuit 
226 is reduced. 

[0048] According to the blanking-electrode array control 

section 86 and the blanking-electrode array 26 which are configured 
as described above, the deflection timing control section 300 
disconnects the contact between the deflection timing control 
section 300 and the blanking-electrode array 26 using the switching 
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section 230, supplies the control signal to the load circuit 226 
while the deflection timing control section 300 connecting with 
the load circuit 226, and calibrates the timing of the control 
signal. Specifically, the deflection timing control section 300 
synchronizes the timing at which the electric potential in the 
circuit connected to the output of the driver 206 rises to an electric 
potential for the activation of the control signal (to be referred 
to as activation of control signal hereinafter) , with the timing 
at which the blanking-electrode array 26 deflects the electron 
beam. Moreover, the deflection timing control section 300 
synchronizes the timing when the voltage in the circuit connected 
to the output of the driver 206 falls to a voltage for deactivation 
of the control signal (to be referred to as deactivation of control 
signal hereinafter) , with the timing at which the 
blanking-electrode array 26 stops the deflection of the electron 
beam. 

[0049] In this case, since the deflection timing control 

section 300 and the blanking-electrode array 26 are disconnected 
from each other, the timing of the control signal is correctly 
detectable without mixing the reflected signal from the 
blanking-electrode array 26 with the control signal which is to 
be calibrated. Moreover, since the load circuit 226 connects with 
the deflection timing control section 300, the impedance of the 
circuit driven by the control signal is substantially the same 
as the impedance of the blanking-electrode array 26 . Consequently, 
the timing of the activation/deactivation of the control signal 
is substantially the same as the timing to start/stop the actual 
exposure. Therefore, the deflection timing control section 300 
detects and calibrates the activation/deactivation timing of the 
control signal with high precision in substantially the same 
condition as the start/stop timing of the actual exposure. 
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[0050] Fig. 3 is a drawing showing relation between the 

set/reset signal output from the set/reset latch 204 and the control 
signal output from the driver 206 outputs according to the set/ reset 
signal when the deflection timing control section 300 connects 
the load circuit 226 with the deflection timing control section 
300 itself using the switching section 230. 

[0051] InFig. 3, an electric potential to activate the control 

signal is defined as V-Ref 2 , and an electric potential todeactivate 
the control signal is defined as V-Refl. Then, a delay time from 
a timing (Set) at which the set signal of the set/reset signal 
is input to the driver, to a timing (tl) at which the control signal 
has been raised to V-Refl, is defined as Atl, and a delay time 
from the timing (Set) to a timing (t2) at which the control signal 
has been raised to V-Ref 2, is defined as At2. Moreover, a delay 
time f roma timing (Reset) at which the reset signal of the set/reset 
signal is input to the driver, to a timing (t3) at which the control 
signal has been lowered to V-Ref2, is defined as At3, and a delay 
time from the timing (Reset) to a timing (t4) at which the control 
signal has been lowered to V-Refl, is defined as At4 . The delay 
times Atl, At2, At3, and At4 vary according to the impedance of 
the load circuit 22 6 explained in relation to Fig. 2 . For example, 
if the impedance of the load circuit 226 becomes high, all of the 
delay times Atl, At2, At3, and At4 become long. The 
blanking-electrode array control section 86 according to the 
present embodiment calibrates the delay times Atl, At2, At3, and 
At4 with high precision. 

[0052] In addition, even if the timing of activation and 

deactivation of the control signal is calibrated with high 
precision, since property of the blanking-electrode array 26 or 
the deflection timing control section 300 may change after the 
calibration, there may be a difference between the 
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activation /deactivation timing of the control signal and the timing 
of starting/stopping the deflection of the electron beam. For 
example, such a difference occurs when the impedance of the 
blanking-electrode array 26 changes due to parts replacement, or 
when the property of the deflection timing control section 300 
changes with temperature rises. Therefore, in case that such a 
difference may occur, the deflection timing control section 300 
calibrates the activation/deactivation timing of the control 
signal once again. 

[0053] Figs. 4 and 5 are a flow charts showing operation of 

the deflection timing control section 300 calibrating the 
activation/deactivation timing of the control signal. In these 
flow charts, the activation timing of the control signal will be 
calibrated in steps f romS112 to S132 in Fig. 4, and the deactivation 
timing of the control signal will be calibrated in steps from S134 
to S144 in Fig. 5. 

[0054] First, it is judged whether the cable 212, the 

connectors 210 and 214, the pogo contact 216, etc., out of all 
parts of the blanking-electrode array 26, have been replaced or 
not, where above-mentioned parts define the impedance of the 
blanking-electrode array 26 (S110) . To judge whether the parts 
defining the impedance of the blanking-electrode array 26 have 
been replaced or not, a user establishes the record of the parts 
replacement and store it in the integrated control section 130, 
for example. Then, the blanking-electrode array control section 
86 checks the integrated control section 130 to judge whether the 
parts have been replaced or not. Alternatively, the integrated 
control section 130 detects replacement, attachment and detachment 
of the parts by a switch, a sensor or the like. If it is judged 
that the parts have not been replaced in S110, it proceeds to S120. 
If it is judged that the parts have been replaced in S110, a user 
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or an integrated control section 130 measures the 
the blanMng-electrode arra y 26 and ad,usts the * 

926 with the measured impedance of the 
load circuit 22b «itn 

blanking-electrode array 26 (S112) . 

[0 05 5] Next, the deflection timing control section 300 is 

L n ^T-r^v 26 and connected 

disconnected from the blanking-electrode array 26 

to the load circuit 226 using the switching sectron 230 (3120, . 
036 Next, the waveform generating section 202 outputs the 

„ inal to raise the electric potential of the output of th 
^e/^ ,3122, . The driver 206 raises the electric poten tr 1 
o£ the output to a predetermined driver voltage e.g 3 vol 
ba3 ed on the set/reset signal output from the set/reset latch 2 4 
" response to the set signal. At this time, the comparato 222 
detects the electric potential of the control signal rarsed by 
the d ver 206 at a timing of a strobe <3tb, signal output from 
the driver ^ judges whether 

the waveform generating section 202 (S124) , a 9 
the electric potential of the control signal is greater than 
egual to V-Ref2 explained in ^ ±8 

r0057] If the electric potential of the contro g 

[0U J «.« qi?4- If the electric 

Less than V-Ref2 in 3126, it returns to 3124. t 

potential of the control signal is greater than or 

in S126, the comparator 222 outputs the activate srgnal to the 

comparator circuit 220 indicating that the control srgnal rs 

,S ;l 8 :; the comparator circuit 220 outputs time 
e ence between the timing at which the activation srgnal 
out ut, and the timing at which the blanUng-electrode array 2 
Is to Reflect the electron beam, to the waveform generating sectron 

as an activation time difference ,3130,. Here, the trmrn 
at which the electron beam is to be deflected is a 
signal delayed for a predetermined period from the trmrng of the 
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■ the set signal being output from the wavef ormgenerating 

re;:, 26 ' .ext. the .enaction timing control section 300 
s the waveform generating section 202 or the drrver 

0 r ing the activation time difference ,8132, . Specif really 
Z Reflection timing control section 300 adjusts the trmrng a 

h ch waveform generating section 202 outputs the set srgna 

co Ltingtheactivationti m edifferenceinS132 • - = ' 
in ca se that the output timing of the activatron srgnal ^ - 
• =>t- which the electron beam is to be deflected ro 
f r om the timing at which by advancing 

Tl, the activation time difference outDU ts 
the timing at which the waveform ^"^^^ 
the set signal for Tl. alternately, the deflec 
con trol section 300 correct^ the activatron trme^r ^ ^ 
changing driver vo tage of f- ^ ^ ^ ^ ^ 

d ^ I! r P edet rlned voltage according to the present 

1 dilt th P e activation timing of the control signal w 
advance, and if it is dropped to less than S volts, the 

4-^ fhp reset signal. At mis Limc ' 
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whether the electric potential of the control signal is less than 
or equal to V-Refl explained in Fig. 3 (S138). 
[0061] If the electric potential of the control signal is 

greater than V-Refl in S138, it returns to S136. If the electric 
potential of the control signal is less than or equal to V-Refl 
in S138, the comparator 222 outputs a deactivation signal to the 
comparator circuit 220 indicating that the control signal is 
deactivated (S140) . 

[0062] Next, the comparator circuit 220 outputs time 

difference between the timing at which the deactivation signal 
is output, and the timing at which the blanking-electrode array 
26 is to stop the deflection of the electron beam, to the waveform 
generating section 202 as a deactivation time difference (S142) . 
Here, the timing of stopping the deflection of the electron beam 
is a timing of a signal delayed for a predetermined period from 
the timing of the reset signal, the reset signal being output from 
the waveform generating section 202 . For example, it is the timing 
of the signal delayed from the reset signal timing for a 
predetermined delay period which is defined according to the 
configuration of the blanking-electrode array 26. 
[0063] Next, the deflection timing control section 300 

adjusts the waveform generating section 202 or the driver 206 for 
correcting the deactivation time difference (S144) . Specifically, 
the deflection timing control section 300 adjusts the timing at 
which the waveform generating section 202 outputs the reset signal 
for correcting the deactivation time difference in S144. For 
example, in case that the output timing of the deactivation signal 
is delayed from the timing of stopping the deflection of the electron 
beam for T2, the deactivation time difference T2 is corrected by 
advancing the timing at which the waveform generating section 202 
outputs the reset signal for T2 . Alternatively, the deflection 
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timing control section 300 corrects the deactivation time 
difference by changing driver voltage of the driver 206. For 
example, if the driver voltage of the driver 206 is increased to 
more than 5 volts, which is the predetermined voltage according 
to the present embodiment, the deactivation timing of the control 
signal will advance, and if it is dropped to less than 5 volts, 
the deactivation timing of the control signal will delay. 
[0064] Finally, the deflection timing control section 300 

is disconnected from the load circuit 226 and connected to the 
blanking-electrode array 26 using the switching section 230 (S146) . 
This is the end of the sequential flow. 

[0065] According to the calibration method described above, 

the deflection timing control section 300 calibrates the timing 
of the control signal with high precision. 

[0066] In another example, the deflection timing control 

section 300 outputs a predetermined signal to the 
blanking-electrode array 26, and measures the round-trip time for 
the signal to reach the blanking-electrode array 26 and reflect 
back for judging whether the parts, which define the impedance 
of the blanking-electrode array 26, have been replaced or not. 
When the measured reflection time is different from the reflection 
time which was measured last time, it is judged that the parts, 
which define the impedance of the blanking-electrode array 26, 
have been replaced. 

[00 67 ] When a cycle of the strobe signal in S 12 4 becomes short, 

the timing at which the comparator 222 outputs the activation signal 
in S128 approaches the timing t2 explained in Fig. 3. When a cycle 
of the strobe signal in S136 becomes short, the timing at which 
the comparator 222 outputs the deactivation signal in S140 
approaches the timing t4 explained in Fig. 3. 

[0068] Alternatively, the comparator 222 outputs the delay 
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time. Therefore, the deflection timing control section 300 
according to the present embodiment calibrates the timing of the 
control signal in accordance with the steps fromSHO to S146 within 
a predetermined time interval. Thereby, the electron beam 
exposure apparatus 100 compensates the deviation of the deflection 
timing of the electron beam resulting from the change in properties 
of the deflection timing control section 300 with time. 
[0072] Moreover, the output characteristic of the deflection 

timing control section 300 may change during startup of the electron 
beam exposure apparatus 100. Therefore, the deflection timing 
control section 300 according to the present embodiment calibrates 
the timing of the control signal in accordance with the steps from 
S110 to S146 during the startup of the electron beam exposure 
apparatus 100 . Thereby, the electron beam exposure apparatus 100 
compensates the deviation of the deflection timing of the electron 
beam resulting from the output characteristic change of the 
deflection timing control section 300 during the startup of the 
electron beam exposure apparatus 100. 

[0073] Moreover, in case that the driver voltage of the driver 

206 changes , the timing of the control signal may change . Therefore , 
the deflection timing control section 300 according to the present 
embodiment calibrates the timing of the control signal in 
accordance with the steps from S110 to S146 in case that the driver 
voltage of the driver 206 changes more than a predetermined value. 
Thereby, the electron beam exposure apparatus 100 compensates the 
deviation of the deflection timing of the electron beam resulting 
from the change of the driver voltage of the driver 206. 
[0074] Alternatively, the comparator 222 outputs a signal 

indicating that the voltage of the control signal has been raised 
to V-Refl at the timing tl explained in Fig. 3. The comparator 
circuit 220 is capable of measuring a rise time of the voltage 
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when the control signal is activated by calculating the time 
difference between tl and t2 (t2-tl) . The deflection timing 
control section 300 adjusts the driver 206 to change the rise time 
based on the time difference between tl and t2. 
[0075] The comparator 222 outputs a signal indicating that 

the voltage of the control signal has been lowered to V-Ref2 at 
the timing t3 explained in Fig. 3. The comparator circuit 220 
is capable of measuring a fall time of the voltage when the control 
signal is deactivated by calculating the time difference between 
t3 and t4 (t4-t3) . The deflection timing control section 300 
adjusts the driver 206 to change the fall time based on the time 
difference between t3 and t4. 

[0076] Fig. 6 is a flow chart of a semiconductor element 

manufacturing process of exposing the wafer 44 and manufacturing 
the semiconductor element by the electron beam exposure apparatus 
100 according to the present embodiment. 

[0077] This flow chart begins from S10. Upper surface of 

the wafer 44 is coated by photoresist in a photoresist coating 
step (S12) . Then, the wafer 44, on which the photoresist has been 
coated, is placed on the wafer stage 46 of the electron beam exposure 
apparatus 100 shown in Fig . 1 . In an exposure step, the deflection 
timing control section 300 calibrates the timing of activating 
and deactivating the control signal in accordance with the steps 
from S120 to S146 explained in Figs. 4 and 5 before exposing the 
wafer 44. Then, the control signal, of which the activation and 
deactivation timing has been calibrated, is supplied to the 
blanking-electrode array 26, and the wafer 44 is exposed, where 
whether the electron beam is to be deflected or not is switched 
in accordance with the control signal (S14) . The electron beam 
which is not deflected by the blanking-electrode array 26 is 
irradiated on the wafer, and the electron beam deflected by the 
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blanking-electrode array 26 is blocked so as not to expose the 
wafer. 

[0078] Next, in a developing step, the exposed wafer 44 is 

immersed in a developer to remove excessive resist and to develop 
the wafer 44. Then, in an etching step, silicon substrate, 
conductive film, or insulating film in the area, from which the 
photoresist on the wafer 44 has been removed, is etched by 
anisotropic etching using plasma (S18) . Then, in an ion 
implantation step, impurities, such as boron and arsenic, are 
implanted into the wafer 44 to form semiconductor elements, such 
as transistors and diodes, (S20) . Then, in an annealing step, 
the wafer 44 is annealed to activate the implanted impurities (S22) . 
Then, in a rinsing step, the wafer 44 is rinsed with a chemical 
in order to remove the organic contamination and metallic 
contamination on the wafer 44 (S24) . Then, in a film deposition 
step, the conductive film and the insulating film are deposited 
to form a wiring layer and an insulating layer between the wirings 
(S26) . By combining and repeating the steps from the photoresist 
coating step (S12) to the film deposition step (S26) , the 
semiconductor element with isolation area, device area, and wiring 
layer in the wafer 44 , is manufactured . Then, in an assembly step, 
the wafer 44, in which the necessary circuits have been integrated, 
is diced and chips are assembled (S28) . Then, the semiconductor 
element manufacturing process is completed at S30. 
[0079] According to the manufacturing method of the 

semiconductor element described above, the irradiation timing of 
the electron beam is controllable with high precision, and the 
high density semiconductor element can be manufactured from the 
wafer on which the desired pattern is exposed with high precision. 
[0080] As described above, according to the present invention, 

there is provided the electron beam exposure apparatus for exposing 
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a desired pattern on the wafer with high precision by controlling 
the deflection timing of the electron beam with high precision. 
[0081] Although the present invention has been described by 

way of an exemplary embodiment, it should be understood that those 
skilled in the art might make many changes and substitutions without 
departing from the spirit and the scope of the present invention. 
It is obvious from the definition of the appended claims that 
embodiments with such modifications also belong to the scope of 
the present invention. 



